I. Introduction
In a seminal paper, Fama and French (1993) develop an empirical asset pricing model that consists of the market factor, a size-related factor, and a value-related factor. The threefactor model has been widely used in finance research and practice (see Campbell, 2000; Harvey et al., 2016 ; and the references therein). 2 Recent studies find that the three-factor model cannot explain the negative relation between investment and stock return, nor can it explain the positive relation between firm profitability and stock return in the US market (e.g. Titman et al., 2004 Titman et al., , 2013 Fama and French, 2006; Liu et al., 2009; Novy-Marx, 2013 ). Fama and French (FF, 2015) propose a new factor model by adding an investment factor and a profitability factor to their three-factor model. The FF five-factor model is specified by the following equation:
,
where is the market factor, SMB is the size factor, HML is the value factor, RMW is the profitability factor, and CMA is the investment factor. Fama and French (2006) explain the profitability and investment effects in the valuation theory framework. The value of a firm's stock is the present value of expected dividends: ,
where M t is the price at time t, E(D t+ ) is the expected dividend at time t+, and r is (approximately) the long-term average expected stock return. Using the accounting identity that the time t dividend, D t , is earnings per share, Y t , minus the change in book equity per share, dB t =B t −B t-1 , and dividing both sides of Equation (2) by time t book equity, we obtain the following equation:
.
Equation (3) implies three predictions about expected stock return. First, ceteris paribus, expected return is positively related to the book-to-market ratio. Second, ceteris paribus, expected return is positively related to expected earnings (profitability). Third, ceteris paribus, expected return is negatively related to expected growth in book equity (investment).
In a recent paper, Hou, Xue, and Zhang (HXZ, 2015) propose the following four-factor 2 As stated in the Scientific Background on the Nobel Prize Winners in Economics (2013) , empirical asset pricing research has practical implications: "Today, passively managed funds, such as index funds and Exchange Traded Funds (ETFs), exist for a large variety of indexes and asset classes, including size and book-to-market. In 2012, these funds had over $3.6 trillion (U.S.) under management and accounted for 41% of the worldwide flows into mutual funds." 
where is the market factor, ME is the size factor, ROE is the profitability factor, and INV is the investment factor. The inspiration for Hou, Xue, and Zhang's (2015) empirical model comes from the neoclassical q-theory of corporate investment. They argue that the qtheory predicts a negative relation between investment and expected return and a positive relation between profitability and expected return (e.g. Liu et al., 2009; Li and Zhang, 2010) .
In this study, we construct the five factors in Fama and French (2015) and the four factors in Hou, Xue, and Zhang (2015) for the Chinese stock market. China is the second largest stock market in the world in terms of total market value (Carpenter et al., 2015) . There is a growing body of studies on China's stock markets (see Carpenter and Whitelaw (2017) for a review of this literature). However, there is a lack of comprehensive analyses on the explanatory power of the empirical factors that are identified in the US market for Chinese stock returns. Our objective is to identify a parsimonious factor model that builds on these factors and provide an adequate explanation for time-series and cross-sectional variations in Chinese stock returns.
Five main findings emerge from our study. First, neither the FF investment factor nor the HXZ investment factor earns a significant return in the Chinese stock market. The market factor has a large mean monthly return (about 0.82%); however, this return is not significantly different from zero. The value factor HML has a positive but insignificant mean return. The FF profitability factor does not earn a significant return on average, but the mean return on the HXZ profitability factor is significantly positive. Both the FF size factor and the HXZ size factor have significantly positive mean returns, while the average return on the HXZ size factor is much larger than that on the FF size factor.
Second, Fama and French (2015) find that the average return on the value factor HML can be explained by the exposure of HML to the rest of factors. They conclude that "HML is redundant for describing average returns, at least in the U.S. data for 1963-2013" (page 12) and suggest that it would be "interesting to examine whether this result shows up in the U.S.
data for the pre-1963 period or in international data" (page 12). We run spanning regressions
to examine to what extent one factor can be explained by other factors in China. The factorspanning tests also give us some guidance on whether certain factors are potentially redundant 3
The Shanghai-Hong Kong Stock Connect programme started in November 2014, and the Shenzhen-Hong Kong Stock Connect programme started in December 2016.
in factor models. We find that, in contrast to the US finding, the value factor HML cannot be explained by the four HXZ factors. The other FF factors, R m −r f , SMB, RMW, and CMA, can be explained by the HXZ four-factor model. On the other hand, the HXZ factors, ME, ROE, and INV, cannot be explained by the FF five-factor model. Third, we follow the methodology in Fama and French (2015) to construct three sets of test assets, each of which consists of 25 portfolios. The first set is constructed by sorting the assets by size and book-to-market (B/M) ratio, the second set by size and profitability, and the third set by size and investment. We run time-series regressions of each portfolio's monthly excess returns on the pricing factors and use four conventional metrics to evaluate model performance. First, the GRS statistic proposed by Gibbons, Ross, and Shanken (1989) tests the null hypothesis that the intercepts (i.e. alphas) for the 25 left-hand-side (LHS) portfolios in the same set are all equal to zero. Second, the average of the absolute value of alphas across the 25 LHS portfolios, Avg|ai|, shows the magnitude of the unexplained return. Third, the ratio of the dispersion of alphas to the dispersion of mean returns, D a /D r , measures the unexplained proportion of return dispersion across the 25 LHS portfolios. Fourth, the average of the regression R 2 across the 25 LHS portfolios, Avg(R 2 ), measures the proportion of time-series variation that is explained by a model. We find that the conventional metrics provide some guidance in selecting useful factors, but they do not help us pick a convincing winner from the competing models.
Fourth, we use the maximum Sharpe ratio as a performance metric to evaluate models.
For any given factor model, the maximum Sharpe ratio is the Sharpe ratio of the tangency portfolio of the investment opportunity set that is spanned by the factors. The analyses in Barillas and Shanken (2017) and Fama and French (2018) suggest that the model with the highest maximum Sharpe ratio provides the best explanation, among the competing models, of the expected returns on stocks from which the factors are constructed. We find that according to this metric, the best model is comprised of the market factor, the FF value factor, a modified HXZ size factor, and a modified HXZ profitability factor. The maximum Sharpe ratio is achieved by investing about 5% in the market factor, 20% in the value factor, and roughly the same percentage in the size and profitability factors. For such firms, the market value of A-shares is only part of the firm's total market value, and thus it is incorrect to calculate the B/M ratio by dividing the firm's total book value of equity by the market value of its A-shares.
Previous studies do not present evidence on how these features affect the construction and performance of the empirical asset pricing factors in China (e.g. Wang and Xu, 2004; Chen, 2004; Liao and Shen, 2008; Liu and Yang, 2010; Mao et al., 2008) . Xu and Zhang (2014) carry out a comprehensive analysis and find that these special features have significant effects on the values of the three FF factors and the explanatory power of the FF three-factor model for Chinese stock returns. For example, during the period from July 1996 to June 2013, the average monthly excess return on the market portfolio is 0.94% if only tradable A-shares are included in the market portfolio but decreases to only 0.75% if both tradable and nontradable shares are included in the market portfolio. Moreover, the adjusted R 2 of the market model is on average 82.9% if the market portfolio includes only tradable shares but decreases to 76.6% if the market portfolio includes both non-tradable and tradable shares. 
Data and Preliminary Statistics
We obtain data on Chinese listed firms from the CSMAR databases, including financial statement items from the China Stock Market Financial Statements Dataset and stock return data from the China Stock Market Trading Dataset. We use monthly data that include the closing price, the stock return with cash dividend reinvested, the total number of shares outstanding, and the total number of tradable shares at the end of each month. The financial statement release dates are also obtained from CSMAR.
Some Chinese firms have multiple classes of shares listed on different stock exchanges:
for example, A-shares and B-shares on the SSE and the SZE, H-shares on the Hong Kong Stock Exchange, and N-shares on the New York Stock Exchange. For such firms, it is incorrect to measure the B/M ratio of A-shares by a firm's total book value of equity divided by the market value of A-shares. Instead, we calculate the book-to-price (B/P) ratio of Ashares as the book value of equity per share divided by the market price of A-shares. The book value of equity per share is equal to the total book value of equity divided by the total number of outstanding shares in all classes. According to Xu and Zhang (2014) , the number of firms for which the B/P ratio differs from the B/M ratio increased from 18 in 1992 to 174 in 2012. 5 Hence, we use the B/P ratio to replace the B/M ratio in our analysis.
We calculate two market values for each Chinese listed firm: the tradable market value of a listed firm is the end-of-month A-share market price multiplied by the number of the firm's tradable A-shares, while the total market value of a listed firm is the end-of-month Ashare market price multiplied by the number of all the firm's outstanding A-shares (including both tradable and non-tradable A-shares). Starting from April 2005, the share structure reform has substantially reduced the percentage of non-tradable A-shares in the market. Xu and Zhang (2004) report that the proportion of the aggregate market value of all tradable A-shares to the total market value of all outstanding A-shares increases from nearly 30% in 1995 to above 80% in 2012. 6 We calculate the book value of equity of Chinese listed companies in the same way that Fama and French (2015) did for US listed companies. Specifically, the book value of equity 5 Table 2 in Xu and Zhang (2014) reports the mean, median, and standard deviation of the B/P ratio, the B/M ratio, and the difference between the two ratios of the same firm in each year from 1992 to 2012. is equal to the shareholder equity in the annual balance sheet (Item A003000000 in the CSMAR database) plus the deferred taxes and investment tax credit (A001222000 and A002208000) (if available), minus the book value of preferred stock. If the balance sheet shareholder equity is missing, we use the book value of assets (A001000000) minus the total liabilities (A002000000). We hand collect the book value of preferred stock from the official websites of the SSE and the SZE because Chinese listed firms were not allowed to issue preferred stocks before 2014.
We measure a company's investment in year t by the percentage change in its total assets in year t, that is, the total assets in year t annual report divided by the total assets in year t-1 annual report, and then minus 1. Fama and French (2015) form the portfolios for the profitability factor at the end of June each year by using firms' operating profitability in the fiscal year that ends in the previous calendar year. To construct the FF profitability factor for the Chinese market, we measure a company's profitability by its annual operating profit (B001300000) divided by the book value of equity in the same annual report. Hou, Xue, and Zhang (2015) form the portfolios for their profitability factor at the end of each month by using firms' quarterly operating profitability in the months immediately after quarterly financial reports are released to the public. To construct the HXZ profitability factor, we measure a firm's profitability at the end of each month by its most recent quarterly operating profit (B001300000) divided by the book value of equity in the previous financial report. 8 The new Accounting Regulation for Listed Companies in China became effective in January 1998. Many studies report that Chinese listed firms before 1998 had poor earnings quality because of outdated accounting rules, the lack of accounting and auditing professionals, and other institutional weaknesses (e.g. Chen et al., 1999; Xiang, 1998; Chen et al., 2002) . Hence, our analysis starts from 1998. We calculate summary statistics of the five variables for Chinese listed firms: firm size, B/M ratio, annual investment, annual profitability, and quarterly profitability. For each year, firm size is the total market value at the end of June in that year; B/M ratio is the book value of equity per share in that year's annual report divided by the December-end closing price of A-shares; annual investment is the percentage change in total assets in the year; annual profitability is the operating profit in the year's annual report divided by the book value of equity in the same report; and quarterly profitability is the operating profit in the most recent quarterly report divided by the book value of equity in the previous financial report. Table 1 reports the number of listed firms with non-missing values for each variable and the variable's mean and median across these firms in each year between 1998 and 2014 inclusive. preferred stock. For shareholders' equity, they use either the value (SEQ) in Compustat, or the sum of common equity (CEQ) plus the carrying value of preferred stock (PSTK), or the book value of assets (AT) minus total liabilities (LT), whichever of the three is available, in that order.
Table 1 Descriptive Statistics of the Variables for the Fama -French Five Factors in China
We calculate five variables for the Chinese listed firms: firm size, book-to-market (B/M) ratio, annual investment, annual profitability, and quarterly profitability. For each year, firm size is the total market value (in RMB Yuan billions) at the end of June, B/M ratio is the book value of equity per share in the year's annual report divided by the December-end closing price of the firm's A-shares, annual investment is the percentage change in total assets in the year, annual profitability is the operating profit in the year's annual report divided by the book value of equity of the same year, and quarterly profitability is the operating profit in the most recent quarterly report divided by the book value of equity in the previous financial report. For each year between 1998 and 2014 inclusive, this table reports the number of listed firms that have a non-missing value of a variable and the variable's mean and median across these firms. 
Construction of the FF Factors in China
We follow French (1993, 2015) to construct the five FF factors for the Chinese stock market. The monthly return of the market factor (Rm-Rf) is equal to the value-weighted monthly return of all A-shares that have returns in the CSMAR database, minus the risk-free rate of return. We use the tradable market value of each firm at the end of the previous month as the portfolio weight. The risk-free rate of return is the 3-month RMB deposit rates provided by the Industrial and Commercial Bank of China.
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The other four factors, SMB (small minus big, 'size'), HML (high minus low, 'value'), RMW (robust minus weak, 'profitability'), and CMA (conservative minus aggressive, 'investment'), are constructed by three separate 2x3 sorts as follows. All Chinese A-shares listed on the SSE and the SZE (including the A-shares listed on the SME and ChiNext boards)
are used in the determination of portfolio breakpoints.
At the end of June each year, we sort firms into two size groups by using the median of the total market value of all Chinese A-shares as the size breakpoint and then independently sort them into three B/M groups by using the 30th and 70th percentiles of the B/M ratio of all Chinese A-shares as the breakpoints. The intersections of the two sorts form six portfolios that are held from the beginning of July until the end of the following June. The value factor HML is the average of the value-weighted monthly returns of the two high B/M portfolios minus the average of the value-weighted monthly returns of the two low B/M portfolios. We follow the recommendation in Xu and Zhang (2014) and use the tradable market value of a firm's Ashares at the end of month t-1 as the weight in the calculation of value-weighted portfolio return for month t. The size-related factor SMBBM is equal to the average of the valueweighted returns on the three small-size stock portfolios minus the average of the valueweighted returns on the three big-size stock portfolios. We use Rm-Rf, HML, and SMB BM in the FF three-factor model. Fama and French (2015) propose including the profitability factor RMW and the investment factor CMA in addition to the three factors Rm-Rf, HML, and SMB BM . We follow their methodology to construct the RMW and CMA factors for the Chinese stock market. In fact, the RMW and CMA factors are constructed in the same way as HML except that the second sort is by annual profitability or annual investment, respectively. Another two sizerelated factors, SMB PRO and SMB INV , are obtained by using profitability and investment, respectively, in place of the B/M ratio in the 2x3 sorts. The size factor SMB in the FF fivefactor model is equal to the average of the three size-related factors, SMB BM , SMB PRO , and
The risk-free rate of return that is available from the CSMAR database is based on the one-year fixed-term deposit rate or the one-year treasury note issued by the Chinese Government. We choose the 3-month deposit rate to go along with monthly returns in our study. We cannot find a long series of a market-based interest rate, such as the Shanghai Interbank Borrowing Rate (SHIBOR), that covers the whole period of our study.
Construction of the HXZ Factors for China
Hou, propose a four-factor model that includes the market factor, a size factor, a profitability factor, and an investment factor. Their profitability and investment factors are based on a procedure that is different from that used in Fama and French (2015) .
To construct the HXZ factors, we follow their procedure by sorting the firms according to size, quarterly profitability, and annual investment independently. For each year, we sort firms into two size groups at the end of June using the median of the total market value as the size breakpoint and independently sort firms into three investment groups using the 30th and 70th
percentiles of the previous year's investment as the two breakpoints. The size and investment groups remain the same from the beginning of July to the end of June the following year. On the other hand, we form three profitability groups at the end of each month using the 30th and 70th percentiles of the quarterly profitability as the two breakpoints.
At the end of each month, the intersections of the two size groups, the three investment groups, and the three profitability groups form 18 portfolios. We hold the portfolios for one month and calculate the monthly value-weighted returns on these portfolios by using the tradable market value of each A-share as the weight. The size factor ME is the average of the value-weighted returns on the nine small-size stock portfolios minus the average of the valueweighted returns on the nine big-size stock portfolios. The investment factor INV is the average of the value-weighted returns on the six low-investment stock portfolios minus the average of the value-weighted returns on the six high-investment stock portfolios. The profitability factor ROE is the average of the value-weighted returns on the six highprofitability stock portfolios minus the average of the value-weighted returns on the six lowprofitability stock portfolios.
To sum up, we list the composition of the five FF factors and the four HXZ factors in Table 2 . There are a few differences between the two sets of factors. First, Fama and French (2015) use annual profitability, while Hou, Xue, and Zhang (2015) use quarterly profitability.
Second, Fama and French (2015) form portfolios once in a year, while Hou, Xue, and Zhang (2015) form portfolios on a monthly basis. Third, the FF size factor SMB uses three 2x3 sorts and involves all of the four characteristics: size, B/M ratio, profitability, and investment. The other three FF factors, HML, RMW, and CMA, are formed by a single 2x3 sort on two characteristics. The three HXZ factors, ME, ROE, and INV, use the 2x3x3 sort on size, profitability, and investment. This table gives definitions of the variables and the composition of each factor. To construct the FF factors, at the end of June each year, we sort firms into two size groups and independently sort them into three B/M groups. The intersections of the two groups form six portfolios that are held from the beginning of July until the end of the following June. The six portfolios are labelled SL, SM, SH, BL, BM, and BH, where S stands for small size, B for big size, and L, M, and H for low, medium, and high B/M ratio, respectively. The value factor HML is the average of the value-weighted monthly returns on the two high B/M portfolios minus the average of the value-weighted returns on the two low B/M portfolios. Thus, the composition for HML is (SH+BH)/2 -(SL+BL)/2. Similarly, we form six portfolios by independent sorts on size and profitability, and the FF profitability factor is (SR+BR)/2 -(SW+BW)/2, where R and W stand for high and low profitability, respectively. We form another six portfolios by independent sorts on size and investment, and the FF investment factor is (SC+BC)/2 -(SA+BA)/2, where C and A stand for conservative and aggressive investment, respectively.
To construct the HXZ factors, at the end of June each year, we sort firms into two size groups and independently sort firms into three investment groups. The size and investment groups remain the same from the beginning of July to the end of June the following year. On the other hand, we form three profitability groups at the end of each month. At the end of each month, the intersections of the two size groups, the three investment groups, and the three profitability groups form 18 portfolios. The label SRC stands for the portfolio of small-size, high-profitability, and low-investment firms; the label SMC for the portfolio of smallsize, medium-profitability, and low-investment firms; the label BWA for the portfolio of big-size, lowprofitability, and high-investment firms; and so on.
Variable definition Factor composition Panel A: Five FF factors Rm-Rf
Monthly return of a market portfolio that includes only tradable A-shares minus the monthly return on 3-month bank deposit To construct the HXZ factors, at the end of June each year, we sort firms into two size groups and independently sort firms into three investment groups. The size and investment groups remain the same from the beginning of July to the end of June the following year. On the other hand, we form three profitability groups at the end of each month. At the end of each month, the intersections of the two size groups, the three investment groups, and the three profitability groups form 18 portfolios. The label SRC stands for the portfolio of small-size, high-profitability, and low-investment firms; the label SMC for the portfolio of smallsize, medium-profitability, and low-investment firms; the label BWA for the portfolio of big-size, lowprofitability, and high-investment firms; and so on. 
Small size (S) Low profitability (W) Medium profitability (M) High profitability (R)
SWC
III. Empirical Results

Descriptive Statistics of All Factors
We study the monthly returns of the five FF factors and the four HXZ factors between July 1999 and December 2015. Panel A of Table 4 shows the mean monthly return, the standard deviation, the t-statistic of testing the null hypothesis of zero mean, the Sharpe ratio, and the cumulative wealth. The Sharpe ratio is equal to the mean divided by the standard deviation. Cumulative wealth is equal to the amount in RMB Yuan obtained by investing one RMB Yuan at the end of June 1999 and compounding at the monthly factor returns until the end of December 2015. We have a few observations. First, out of the five FF factors, the size factor SMB is the only one that has a significant mean of monthly returns. The mean return on SMB is 0.93% per month, which is statistically significant with a t-statistic of 2.87. The market factor Rm-Rf has a large mean monthly return of 0.82%; however, this return is insignificant because of the high standard deviation of 8.45%. The average monthly returns on the value factor HML and the profitability factor RMW are 0.24% and 0.12%, respectively, which are small in magnitude and statistically insignificant. The investment factor CMA has a negative mean return of -0.06%.
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In a contemporaneous paper, Hu et al. (2019) use historical stock returns of Chinese listed firms from a different commercial data vendor and find that neither the market factor nor the value factor HML earns average monthly excess returns that are significantly different from zero. Guo et al. (2017) and Liu et al. (2018) also report evidence that the FF investment factor CMA does not play a significant role in explaining Chinese stock returns.
Second, the size factor ME and the profitability factor ROE proposed by Hou, Xue, and
Zhang (2015) 10 This is in sharp contrast to the finding in Fama and French (2015) that the investment factor earns positive and statistically significant average returns in the US. Lastly, Panel B of Table 4 reports the Spearman rank correlation coefficients between these factors' monthly returns. The market factor Rm-Rf has a low level of correlation with the other factors. This is not surprising because the other factors are designed to remove market influence given long-short portfolios. Several factor pairs, such as the SMB and ME pair, the RMW and ROE pair, and the CMA and INV pair, have very large correlation Cumulative Wealth of q-factors in China
Rm-Rf rME rROE rINV coefficients, more than 0.8. Although the two factors in each pair are constructed differently by Fama and French (2015) and Hou, Xue, and Zhang (2015) , they capture the effect of the same firm characteristic on stock return. The value factor HML does not have a counterpart in the HXZ four-factor model and has relatively low correlation with all the other factors. The profitability factor RMW is significantly correlated with all the other factors except for the value factor HML.
Spanning Regression for Each Factor
Fama and French (2015) find that the value factor HML can be explained by the other factors in the spanning regressions for US stock returns. In this section, we run spanning regressions to examine to what extent one factor can be explained by the other factors in the Chinese stock market. Table 5 shows the results from these spanning regressions and reports the coefficients from each regression in the same row with the associated t-statistics in the row below. All regressions are estimated with 198 monthly observations between July 1999
and December 2015. Panel A reports results from using four factors in the FF five-factor model to explain the fifth. The intercept is highly significant in the spanning regressions for the market factor Rm-Rf, the size factor SMB, the value factor HML, and the profitability factor RMW, suggesting that these factors' returns cannot be fully explained by the other FF factors. The intercept is insignificant in the spanning regression for the investment factor CMA, which is not surprising given the small and insignificant mean of CMA's monthly returns.
Table 5 Spanning Regression for Each Factor
The table shows the results from spanning regressions that tell us to what extent each factor can be explained by other factors in the Chinese stock market. The construction of these factors is described in detail in Section 2. Each row reports the coefficients from one regression and the t-statistics in parentheses. The sample period is from July 1999 to December 2015. Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
Panel B reports the results from using three factors in the HXZ four-factor model to explain the fourth. The intercept is highly significant in the regressions for the market factor Rm-Rf, the size factor ME, and the profitability factor ROE, suggesting that their returns cannot be fully explained by the other HXZ factors. The intercept in the regression for the investment factor INV is insignificant.
Panel C reports the results from using the five FF factors to explain three HXZ factors: ME, ROE, and INV. It turns out that all three intercepts are statistically significant. Panel D reports the results from using the four HXZ factors to explain four FF factors: SMB, HML, RMW, and CMA. HML is the only factor that has a significant intercept. SMB, RMW, and CMA can be explained by the HXZ four-factor model.
In summary, the two investment factors CMA and INV can be explained by other factors.
The four HXZ factors can explain the size factor SMB and the profitability factor RMW, but not the value factor HML. The five FF factors cannot explain ROE and ME. In the next section, we try to identify a parsimonious factor model for the Chinese stock returns that is comprised of the above factors.
Comparing Factor Models according to Conventional Metrics
In this section, we apply several conventional metrics in the finance literature to evaluate the performance of factor models that are built on the five FF factors and the four HXZ factors in explaining Chinese stock returns. We follow the methodology in Fama and French (2015) to construct three sets of test assets, each of which consists of 25 portfolios. The first set is except that the second sort is by annual profitability or annual investment, respectively. The portfolios are held from the beginning of July until the end of the following June. We follow Xu and Zhang (2014) and use all Chinese A-shares listed on the SSE and SZE (including the shares on the SME and ChiNext boards) in the determination of portfolio breakpoints and use the total value of a firm's tradable A-shares as the portfolio weight in the calculation of valueweighted portfolio return. The monthly excess return on each portfolio is equal to its valueweighted return minus the risk-free rate. Table 6 small-size stocks and big-size stocks is greater than that between value stocks and growth stocks. The size effect is also strong in both panels B and C. There is some evidence for the profitability effect in Panel B: that is, high-profitability stocks earn higher returns than lowprofitability stocks. However, the profitability effect does not seem to exist in the smallest size quintile. Panel C does not show any evidence of an investment effect.
Our objective is to identify a parsimonious factor model that provides an adequate explanation of time-series and cross-sectional variation in these test assets' monthly returns.
We run time-series regressions of each portfolio's monthly excess returns on the pricing factors and evaluate the performance of each model according to four conventional metrics.
Table 6 Mean Monthly Excess Return on Test Portfolios
We construct three sets of 25 portfolios by following the methodology in Fama and French (2015) . The first set is constructed by sorting on the basis of size and B/M ratio. At the end of each June, we sort all Chinese A-shares into five quintiles by market cap and independently sort stocks into five quintiles by B/M ratio. We calculate market cap as the total number of outstanding A-shares multiplied by its June closing price. We calculate the B/M ratio at the end of June in year t as the book value of equity per share for year t-1 divided by the A-share closing price at the end of December in year t-1. The intersections of the two groups form 25 size-B/M value-weighted portfolios. The second set is constructed in the same way except for the second sort, which is on profitability. We measure profitability by the annual operating profit divided by the book value of equity in year t-1 (OP/BE). The third set is again constructed in the same way except for the second sort, which is on investment. We calculate investment in year t-1 as the total assets at the end of year t-1 divided by the total assets at the end of year t-2, minus 1.
The portfolios are held from the beginning of July until the end of the following June. The monthly excess return on each portfolio is equal to its value-weighted return minus the risk-free rate of return. We use the total value of a firm's tradable A-shares as the portfolio weight in the calculation of value-weighted portfolio return. The table below reports the average of the monthly excess returns on each portfolio from July 1999 to December 2015. First, the GRS statistic proposed by Gibbons, Ross, and Shanken (1989) Model 11 includes two FF factors, Rm-Rf and HML, and two HXZ factors, ME and ROE, while Model 12 includes the HXZ factor INV in addition to the factors in Model 11. Table 7 reports the statistics on these models' performance in explaining the monthly excess returns of the 25 portfolios in each set. In Table 7 , Panel A is for the set of 25 portfolios sorted by size and B/M ratio, Panel B is for the set of 25 portfolios sorted by size and profitability, and Panel C is for the set of 25 portfolios sorted by size and investment.
We have the following observations in regard to Table 7 . First, the four metrics do not agree on a single model that should be chosen for Chinese stock returns. In other words, we cannot find a single model that is associated with the best value of all four metrics. Model 6) has the highest Avg(R 2 ).
11 Fama and French (2015) use the ratio Avg|a |/Avg| ̅ |, which essentially gives the same ranking as Avg|ai|. Also, the arithmetic average of the alphas of the 25 portfolios is small in magnitude in the US, but it is not small in China. Hence, we choose to subtract the average from each regression alpha in calculating the ratio of the dispersion of alphas (i.e. Da) to the dispersion of mean returns (i.e. Dr).
Table 7 Comparing Factor Models Based on Conventional Metrics
We construct three sets of 25 portfolios by following the methodology in Fama and French (2015) . The first set is constructed by sorting on size and B/M ratio, the second set by sorting on size and profitability, and the third set by sorting on size and investment. Table 6 provides details about the constructions of these portfolios.
We compare 12 models that build on the five FF factors and the four HXZ factors for the Chinese stock market. Section 2 describes how the five FF factors and the four HXZ factors are constructed for the Chinese stock market. We measure the performance of each model in explaining these portfolios' monthly excess returns according to four conventional metrics. First, the GRS statistic proposed by Gibbons, Ross, and Shanken (1989) tests the null hypothesis that, for the 25 left-hand-side (LHS) portfolios in a given set, the intercepts from time series regressions of monthly excess returns on a model's factors are all equal to zero. Second, the average of the absolute value of the intercepts (i.e. alphas) across the 25 LHS portfolios, Avg|ai|, shows the magnitude of the unexplained return. Third, the ratio of the dispersion of alphas to the dispersion of mean returns, Da/Dr, indicates the unexplained proportion of return dispersion across 25 LHS portfolios. Second, the models that are associated with the best value of some metrics are not satisfactory in view of the factor returns in Table 4 . The profitability factor RMW does not have a significant mean return and yet appears in the best models in all three panels of Table   7 . The investment factor CMA has a negative mean return but appears in the best models in both panels B and C.
Third, although these metrics do not seem to do particularly well in choosing the best models, they provide some useful guidance on selecting factors. For example, comparing In summary, the evidence in Table 7 does not point to a clear winner among the competing models. To address this issue, we consider an alternative criterion for model selection in the next section.
Comparing Factor Models according to the Maximum Sharpe Ratio
Section 3.3 shows that the conventional metrics do not help us pick a convincing winner from the candidate models. The analyses in Barillas and Shanken (2017) and Fama and French (2018) suggest another metric of model performance, that is, the maximum squared Sharpe ratio. For an empirical factor pricing model, the maximum squared Sharpe ratio is the squared Sharpe ratio of the tangency portfolio in the investment opportunity set that is spanned by the factors in the model. Barillas and Shanken (2017) and Fama and French (2018) argue that the model with the highest maximum squared Sharpe ratio provides the best explanation, among the competing models, of the expected returns on all stocks from which the factors are constructed. The rationale is that looking for a factor model to minimise the intercepts in return regressions is equivalent to identifying the portfolio of factors that maximises the squared Sharpe ratio. Since factors are portfolios of stocks by construction, they fall within the investment opportunity set spanned by all constituent stocks, as do the portfolios of factors.
Consider two models that are comprised of two different sets of factors. We calculate the maximum Sharpe ratio of the portfolios that are comprised of the factors in each set. The set with the higher maximum Sharpe ratio is better than the other set, and hence the factors in the first set form a better factor model. The higher the maximum Sharpe ratio obtained by one set of factors, the closer the efficient frontier spanned by the set of factors is to the efficient frontier spanned by all stocks. Hence, we search for one set of factors that gives the highest maximum Sharpe ratio.
12
For each of the 12 models described in Section 3.3, we calculate the maximum Sharpe ratio of the portfolios that are comprised of the factors in the model. Table 8 reports the maximum Sharpe ratio, the mean and standard deviation of the tangency portfolio that achieves the maximum Sharpe ratio, the t-statistic for testing the null hypothesis that the tangency portfolio's mean return is zero, and each factor's weight in the tangency portfolio. Among models 1 to 6, the FF five-factor model (i.e. Model 6) has the highest maximum Sharpe ratio. This is expected because the other models include only a subset of the five factors and their efficient frontiers should fall within the efficient frontier spanned by Model 6. However, Model 6 is not desirable because (1) the investment factor CMA does not earn a significant mean return, (2) the tangency portfolio takes a short position on CMA, and (3) its maximum Sharpe ratio (0.525) is only slightly larger than the maximum Sharpe ratio of Model 3 (0.523).
The HXZ four-factor model (i.e. Model 10) has a much larger maximum Sharpe ratio (0.603) than Model 3. Model 11 combines the market factor Rm-Rf and the value factor HML from the FF model with the size factor ME and the profitability factor ROE from the HXZ model and achieves a maximum Sharpe ratio of 0.688. With the addition of the investment factor INV, Model 12 achieves a slightly higher maximum Sharpe ratio (0.690) than Model 11. An increase in the maximum Sharpe ratio is expected because adding a factor enlarges the investment opportunity set. Despite the larger maximum Sharpe ratio, Model 12 is undesirable for two reasons. First, Table 4 shows that INV does not earn a significant average return in China. Second, Panel A of Table 7 shows that Model 12 does not perform better than Model 11 according to the conventional metrics. 12 We report the maximum Sharpe ratio instead of the maximum squared Sharpe ratio because the empirical factor models under study in our research all have positive maximum Sharpe ratios.
Table 8 Maximum Sharpe Ratio of Factor Portfolios
We use another metric of model performance, the maximum Sharpe ratio, that can be achieved with the factors in a given model. The model that has the highest value on this metric provides the best explanation, among the competing models, of the expected returns on the stocks from which the factors are constructed. This table reports the maximum Sharpe ratio for each of the models we study in Table 7 for the period from July 1999 to December 2015. We also include two additional models, Model 13 and Model 11'. Model 13 includes all the factors, while Model 11' includes the market and value factors from Fama and French (2015) and the modified size and profitability factors from Hou, Xue, and Zhang (2015) . We obtain the modified size and profitability factors, MEXInv and ROEXInv, without using the Investment variable in the construction process. In addition to the 12 models described in Section 3.3, we consider two more models.
Model
Model 13 includes all the factors and is expected to have a larger investment opportunity set and a higher maximum Sharpe ratio than the other 12 models. With Model 13 as the benchmark, we can tell how much has been given up in terms of Sharpe ratio in order to obtain a parsimonious model with the best performance.
Model 11' is a modification of Model 11. Since investment does not seem to have a significant relation with stock returns in the Chinese stock market, we do not need to use the investment variable in the construction of the other pricing factors. Hence, we construct the modified size and profitability factors, ME XInv and ROE XInv , by following the same procedure as in Hou, Xue, and Zhang (2015) but sorting only by size and profitability. Model 11' uses the modified factors to replace the size and profitability factors in Model 11. Table 8 reports the maximum Sharpe ratios of models 13 and 11'. It turns out that the performance of Model 11' is comparable to that of Model 11. The tangency portfolio of Model 11' invests 3.6% in the market factor, 22.2% in the value factor, and 37.1% in each of the size and profitability factors.
Figure 3 Location of Tangency Portfolios on the Mean-Standard Deviation Plot
For each of the models in Table 8 , we find the tangency portfolio of the investment opportunity set that is spanned by the factors in the model. The tangency portfolio gives the maximum Sharpe ratio that can be achieved by the model. Each tangency portfolio is represented by one dot on the mean-standard deviation plot. Next to the dot is the model number.
For each of the models in Table 8 , we obtain the tangency portfolio of the investment opportunity set that is spanned by the factors in the model. The tangency portfolio gives the Sharpe ratios. Figure 3 shows that Model 11' is as good as models 12 and 13 and far better than the other models.
Table 9 The Best Model
Model 11' turns out to be the best model in Table 8 . It includes the market and value factors from Fama and French (2015) and the modified size and profitability factors from Hou, Xue, and Zhang (2015) . We obtain the modified size and profitability factors, MEXInv and ROEXInv, without using the investment variable in the construction process. This The results in Tables 7 and 8 suggest that Model 11' is a parsimonious model with the best performance. We present more information related to Model 11' in Table 9 . Panel A reports descriptive statistics on the four factors in Model 11'. The two modified factors, ME XInv and ROE XInv , show statistics similar to those of ME and ROE. Panel B shows that Model 11' comprised of the market factor, the FF value factor, a modified HXZ size factor, and a modified HXZ profitability factor. Fifth, the maximum Sharpe ratio is achieved by investing less than 5% in the market factor, about 20% in the value factor, and roughly the same percentage in the size and profitability factors. Our findings are consistent in the three time periods.
This study's findings provide new evidence on the profitability and investment effects in China and contribute to our understanding of the priced risk factors in China's stock markets.
The four-factor model that performs the best in our analysis can serve as a useful benchmark for future empirical analysis of Chinese stock returns.
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